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ABSTPACT CF THg nT«trT ncT ,f..> 
A coating compositicn that can be applied to optical 
Plastic moldings having a high refractive index, ..o pro- 
tect them from deterioration by li^ht without any adverse 
effect on their optical functions. The coating ccaposi- 
tion contains the following essential constituents. * 
1 part of a hydrolyzate of a silane compound; 
0.2-5 parrs cf titanium o«de-based composite fine 
particles having a particle diameter of I-IOO na in 
whicr titanium oxide integrally combines wit^ron 
oxide, with the ratio of ircn oxide to titani^n oxide 
being 0.005-0.15 by weight; 

0.02-0.5 part of an unsaturated or saturated polytar- 
boxylic acid or an anhydride thereof; and 
(D) 0.01-0.2 part of a heat-curing . .„xyst. 
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COATING C0KP0SI7I0N FOR CPTICAL PLASTIC MOLDINGS 
B ACKGROUND OF THE I^fVyNTTQM 

1. Field of the Invention: 

The present invention relates tc a coatir.g ccaposi- 
tion for optical plastic moldings. Tte tern "optical 
plastic moldings- ar used in this specification iaplic-s 
plastic moldings for use as spectacle lenses, camera 
lenses, and other optical parts. 

2. Description of the Prior Art: 

Optical plastic moldings are expected' to find use in 
various fields on account of their outstanding character- 
istic properties such as light weight, good processabil- 
ity, and high impac^ resistance. However, their use has 
been limited owing to their low hardness and poor resis- 
tance to scratch, light, and heat. They tend to decrease 
in hardness :jnd resistance to scratch and light as they 
increase in refractive index To eliminate tKesc disadvan- 
tage^, optical plastic moldings are usually provided with 
hard coating filiu. The present inventors had previously 
proposed a coating composition for this purpose (Japanese 
Patent Publication No, 42665/1982). It is composed of a 
silane compound having an ecoxy group, carbox/lic acid, 
and curing agent and is applicable co dyeable optical 
plastic moldings. It has been put to practical use. 

Unfortunately, tiiis coating composition has been 
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fountf t= have a disadvantage tia- ir • 

-ce..e„.ce „.e. U J, "^"^ -^=- 

i- - .. '^P''*'' " °P-i"l plastic aold- 

" « P'«=.c . 

Another disadvantage is -hat- 

r r -"'"'^ 

rated by light. 

-^^,.rhe .present invention .as completed eliminate tSe 
above-n.entioned disadvantages, it is • 

-At IS an object of the 
present invention to provide ^ . • 

provide a coating coaiposirion fo- 

- -0«.„, „^,,„.„ ^^^^^^^ 

wnicn comprises: 

^ I p.,, ^ ^ ^^^^^^^^^^^ ^ 

compound; 

'=> "-^-^ P>"".y ,j„„,^ 
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1-100 nm in which titanium oxiae incegrally combines with 
iron oxide, with the ratio of iron oxide to titanixia oxide 
being 0.005-0.15 by weight; 

(C) 0,02-0.5 part by weiaht of an unsaturated or 
saturated polycarboxylic acid or an anhydride thereof; and 

(D) 0.01-0.2 part by weight of a heat-curing cata- 
lyst. 

The second aspect of the present invention is embod- 
ied, in a coating composition for optical plastic moldings 
which comprises: 

<A) 1 part by weight of a hydrolyzate of a silane 
compound; 

(B) 0.2-5 parts by weight of titanium oxide-based 
composite fine particles having a particle diameter of 
1-100 nm in which titanium oxide integrally combines with 
silicon oxide« with the ratio cf silicon dxide to titanium 
oxide being 0.03-0,7 by weight; 

(C) 0.02-0.5 part by ve4gbt of an unsaturated or 
saturated polycarboxylic acid or an anhydride thereof; and 

(D) 0,01-0,2 part by weight of a heat-curing cata- 
lyst. 

According to the present invention, the coating 
composition for optical plastic moldings has a specific 
composition as mentioned above, so that, when it is ap- 
plied onto e substrate (plastic molding) a.nd then cured. 



- 3 - 



2071S92 



In other words, the coat.-« - 

tne coat..-.g coaposition of the 
ent invention differs from ^ 
" from the conventional one o' th. 
same kind in that ir <e * 
tnat It IS ccn»osed of -n - 

o^9anosiiico I 

"edtner^ng, laoact, hea- 

nea., not water, cheaicals „ 

and good clarif-., . ' 

9 od Clarity, flexibility, dyeability and >hs • 

OP-.. p..„u „„„ ■ 

The constituent* of ^>,^ - • 
« , . '''^^^"^ composition are 

explained in what follows. (Th-ir a« 

W Hydrol,.ate Of silane compound: 

n, The sil.ne compound is not specifically re- 
stricted, but the one having an epoxy g„„p as r ' 
--la a, below is: preferable. 

- R.'Vsi(OR^) 

(where R> denotes a r „ • (1) 
a C,^ organic group havi„g ^^^^^ 
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9.o«p; i, a hy..oca.tcn .roup. '.a.ogenace. .yd.oca.- 

oroup. or acyl group; and a - 1. b - i or 2.) 

Examples of the silane cc»pc.„d ar* given belo.. 
glycidoxyaethyltri.T,echoxysilane. 
glycidoxymethyltriechoxysilane. 

glycidoxymethyltripropoxysilane. 

glycidoxymethyltributoxylsilane. 

ct-glycidoxyethyltrimethoxysilane, 

a-glycidoxyethylcriethoxysilar.e 

a-glycidoxyethyltripropoxysilane. 

a-glycidpxyethyltribucoxysilane. 

P-glycidoxyethyltrimethcxysilane. 

P-glycidoxyethyltriethoxysilane, 

p-glycidosyethyltripropoxysilar.,!, 

P-glycidoxyethyltribiitoxysilane, 

a-glycidoxypropyltrimethoxysilane, 

a-glycidoxypropyltriethoxysilane, 

a-alycidoxypropyltripropoxysilare, 

o-glycidoxypropyltributoxysilane, 

p-glycidoxypropyltrimethoxysilane. 

p-glycidoxypropyltriethoxysilane, 

p-glycidoxypropyltripropoxysilane. 

P-glycldoxypropyltributoxysilane, 

7-glycidoxypropyltrimethoxysilane, 
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T-vlycidoxypropyUr.b„toxysiu„e 

-glycidoxybutyltriethoxysiiane 

"-giycidoxybutyltrip.opoxysilane 

a-9lycidoxybutyltributoxy,ii3„e, 

P-9lyclcioxybutyltri«ethoxysilane 

P-9lyci.oxybucyUrienhoxysilane 

P-Sly=id,xybutyUripropoxysila„e. 

P-9lycido,<ybutyltributoxysilane. 

Y-glycidox /butyltri , ^-K 

• "'^y-^tria.echoxysilane, 

r-glycidoxyoutyltriethoxysilane 

r-9lycidoxyb-.,nyUrip„poxysaa„e, 

r-9lycidoxybuvyltributoxysila«e 

9lycidoxy™ethyl.ethy,di.ethoxysila„e 

.9lycidoxy»ethyX„eU.yIdietboxysilane/ 

^lycidoxy.ethyl.eth,ldip„poxysila.c. 

.5lycicloxy„ethy.„eth:n.ibutoxy.,iaane/ 
-9lyci.,xyetby.„«,,,,,^,,^^^^^^^^^ 

"-glycidoxyethyl„e.hyldiethcxysila„e. 

a-9lycidoxyethyI.ethyIdip.opoxysila„e 

«-.lycidoxyetbyl„ethyidibutoxy3i.a„e/ 

P-9lycidoxyethya„et.y.di„ethoxysi.a„e. 

P-?lycidoxyethyln.ethyldlethoxysilane 

-9lycidoxypropylethyldi„ethoxysi.a.e 
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a-glycidoxi-propylethyldiethoxysilane, 
P-glycidoxypropylerhy Idimethoxysilane, 
7-glyci doxypropylethyldipropoxysilane, 
Y-glycidoxypropylethylbucoxysilane. 

(2) It is desirable that the above-mentioned silane 
compound be used in combination with a tetraalkoxysiiane 
represented by the formula (2) below. 

Si(ORM, ,2] 
(where denotes an alkoxy group or allcoxyalJtyl group.) 

Examples of the tetraalkoxysilane are given below, 
tetramethoxysilane, ' . 

tetraethoxysilane, 
tetrapropoxysilane, 
tetrabutoxysilane, 
tetramethylmethoxysilane, 
tetraethylethoxysilane, 
tetrapropylpropoxysilane, 
tetrabutyl btttcxysira»«. 

(3) The silane compound having an epoxy group repre- 
sented by the formula (1) above imparts wear resistance, 
impact resistance, hot water resistance, dyeability, 
clarity, and flexibility to the coating film (hard coat) . 
The tetraalkoxy silane represented by the formula (2) 
above imparts wear resistance to the coating film but 
hardly imparts hot water resistance and flexibility to the 
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-oacing fiim unlike the foraer silar.e compound. The 
coating composition of the present invention contains 
either or both of these siline compounds. In the latter 
case, the ratio of the first silane compound to the seco.nd 
should preferably be from 1:0.1 to 1:2 by weight. 

f4) The silane compound shoulo be hydrolyzed with 
pure water or an acidic aqueous solution (such as dilute 
hydrochloric acid). The hydrolysis may be' accomplis.hed 
after t.he sila.ne compound has been mixed with a solve.-it. 
Examples of the solvent include lower alcohols, ketones, 
ethers, toluene, xylene, and monofunctional epoxy com- 
pounds. TO accelerate the initial condensation reaction, 
the resulting solution should be retluxed at 50-ec»C for 
5-8 hours; alternatively, the solution should be allowed 
to stand at room temperature for 24-84 hours. 
(B) Titanium oxide-based composite fine particles: 

.(1) The titanium oxide-based composite fine parti- 
cles differ in composition depending on the embodiment. 
According to the first embodiment, they are composed of 
titanium oxide and iron oxide which are integrally com- 
bined with each other. According to the second embodi- 
ment, they are composed of titanium oxide and silicon 
oxide which are integrally combined with leach other. 

In either embodiments, the titanium oxide-based 
composite fine particles should be used in an amount of 
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0.2-5 parts {prcteracly 0.5-3 parrs) for i pari cf t.^.e 
r.ycrclyrate ci the silane rcr.pour.ci. With an amount less 
t.^.ar. .C.2 part, they cio not Mite the coating f^la to screen 
near ultraviolet rays. With an ar-:ni in exress oi 5 
parts, they cause the whitening cf the coating fiiai and 
reduce the scratch resistance of the coating file. 

They should hsvea particle diameter of l-lOO nn 
(preferably 2-60 na) . With a particle diameter saaller 
than i n.-a, they do net inprove the scratch resistance and 

- refractive index of the coating fila, with a particle 
diameter larger than 100 nm. they cause the whitening of 

. the coating, film. 

(2) In the titanium oxide-based composite fine 
particles, titanium oxide combines with iron oxide or 
silicon oxide to form (a) a chemically combined ccmposite 
oxide or (b) a solid solution, with titanium oxide dis- 
solving iron oxide or silicon oxide therein. 

The titanium oxide-based composite fine particles 
suppress the optical activity without impairing the char- 
acteristic properties (high refractive index), unlike the 
conventional fine particles made up of titanium oxide 
alone. Therefore, they protect both the coating film and 
substrate (optical plastic molding) from deterioration by 
near ultraviolet rays. 

In the first embodiment, the ratio of iron oxide to 
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witaniua oxide snouid be 0 005-n . - 

0.005-0.:. (prererably O.ui-0.7, 

— ^ 

fU. By Iron oxlce. v,hij„ 

" — « WPiication area „, 

tor cp„„, 

r„.o Of .u.o=„ o.... 
to t...„,™ o.i.. „o.,, ,p„,„.Mv O.C.-0 

--.»uo O.O., „„..,,i„ ■ 

of titanium bxicJe can inhibit with ^t..\ , 

.^t. with .fte resale ..hai the 

— ,opu„. p.„„o 

and poor adhesion. With a r^t-ir. 

"cess cf <,.7. silicon 

oxide aakes titanium oxide les^ «ff 

xide less effective in improving the 

^n. ni» unsuitable for optical plastic mol.in.s havm, . " 
-.. refractive in... application area 

«>f. the coating film. 

o--.. so „ ..prov. .»,rr oo.p.„„,.,., ,^ 
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t.-ie coat;t>3 cu.-a;;c._ i ior. and :c :=p.-ove the i ight jes.s- 
tan:,. ot tr^ coc-tx.-.g tii=. m tr.is case, the ratio oi 
ncr. oxic:,r to iivdniua oxifie sr^ould ise O.OOS-1.0. pretera- 
bly O.OJ-0.-?. and the rat;D of siiiccn cxide to titanzua 
oxide plus iron oxide should De O.Q3-3.7. preferasly O.CS- 
C.5. Wit.1 a ratio of silicon cxide Icw^r than 0.CD5. the 
fine particles are poor in compatibility with the siiane 
compound orul hence the coating composition has a short pot 
Hfe. Co;.verseiy. witn - ratio or silicon oxide higher 
than 0.7. the fine particles do not laprove the teeractive 
index of if^ coating tUm and hence the resulting coating 
fil» IS not suitable for optica': plastic moldings having a 
high refractive index. 

«3; combination of titanium oxide with iron 

oxide a;ay ie accomplished m the usual way (as disclosed 
in. for exaaple. Japanese Patent Laid-open No. 178219/1990 > 
by deflocc:ilating hydrated titanium oxide sol and hydrated 
iron oxide sol by the aid of an acid, dissolving the 
deflocculated product in hydrogen peroxide, and heating 
the solution for hydrolysis. Si»ilarly. the combination 
of titaniua oxide with iron oxide and silicon oxide may be 
accomplished by deflocculating hydrated titanium oxide sol 
and hydrated iron oxide sol by the aid of an acid, dissolv- 
ing the deflocculated produrt *n hydrogen percxide. adding 
a diipersioa of silicic acid, for example, which is 
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prepares tnroc^;. ol«-. <.i ^, .-s- ,c^re 

::r.e particles. I'i^is hvc!ro'v-^f- 

-:tn iron excr..*nge. reverse csa^sis, ai i r« • i ^ ^ar ^ 
vacuum evaporation diic so on. 

1-8' Th* txtaniua oxide-t«ed coiar.:site tir... parti- 
cles s.'-.oul. prcferabW oe created -.tn . s::ar.e coupl:., 
-s-enr, :or surrace moo. £ . cat :o.. t^e ...f.^e =c.n r .c.t.on 
-proves the c==pet.t>n.tv th. f vne" part icl^s" „.th tn^ 
silar.e compcu:!-J. witn the result t'a> 

tion has. imprcved scratch. resistar«:t:: 

The surface modification makes the ccopos:te fine 
Particles readily dispersive as the result o: blocicin; 
with a silane coup.m, a^ent the hydroxy' ^ .cups or tita- 
hxun. oxide, iron o.ide. and silicon oxide. I,a«ples cf 
the silane coupling agent < as surface »odif.er) include 
tetra:„ethoxysilane. »ethyltrin.ethoxysi:«e. tr..:nethyl- 
Chlorosilar.. vinyltr iethoxysilane. x -=Iycidoxypropyi- 
t n e thoxys i lane . and r-glycidoxypropyl=«thyldietho,y- 
Silane. The surface modification may be done m the 
usual w.y by. for example, dippin, th. fine particles :.n 
*n alcohol solution of the sUane coupU.-.g agent. 
(CI Polycarboxylic acid: 

(1) The polycarboxylic acid is either saturated one 
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or unsaturated one or an anhydride thereof- It should be 
used in an amount of O.C2-0,5 part, preferably 0.05-0.4 
part, for 1 part of the hydrolyzate of the silane com- 
pound. 

The polycarboxylic acid causes silanol groups' to 
condensate after hydrolysis of the silane compound, giving 
rise to a polysiloxane having a carboxyl group in the side 
chain, so that the resulting coating coii5>osition is dye- 
able and provides a coating fila having good resistance to 
heat, hot water, and wear, gsod antistatic property, and 
high surface hardness. In addition, the polycarboxylic 
acid also functions as a cocatalyst to activate the heat- 
curing catalyst mentioned later. 

With an amount less than 0.02 part, the polycarbox- 
ylic acid is not enough to improve the coating filii in hot 
water resistance, wear resistaiice, and surface hardness. 
With an amount in excess of 0.5 part, the polycarboxylic 
acid blooms to impair the appearance of the coating film, 

(2) Examples of the polycarboxylic acid include 
maleic acid, maleic anhydride, fumaric acid, fumaric 
anhydride, itaconic acid, itaconic anhydride, citraconic 
acid, citraconic anhydride, malic, acid, malic anhydride, 
tetrahydrophthalic acid, nadic anhydride, chloromaleic 
acid, HEX acid (chlorendic acid), trimellitic acid, tri- 
mellitic anhydride, pyromellitic acid, and pyromellitic 
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anhydride. « these examples, „.Xeic aci.. itaconic add 
tri^ellitic acid, and trl.ein.ic anhydride a.e prefera- 

(i» Heat- curing catalyst: 

(1) The heat-curing catalyst catalyzes the poly^er- 
xzation Of epoxy groups in the silane^ compound -and the 
Polycondensation of .silanol groups, thereby increasing the 
degree of crosslinJcing of the coating fii„ ,esin: 

The heat-curing catalyst should be used in an aaount 
Of 0.01-0.2 p.rt, preferably 0.02-0.15 part, for 1 part of 
the silane compound, with an amount less than 0.01 part 
xt does not impart sufficient hot water Resistance, wear' 
resxstance, and surface hardness to the coating fii„ 
w.th an amount in excess of 0.2 part, it blooms to impair 
the appearaiice of the coating film. 

(2) Examples of the heat-curing cat.lyst include 
-.dazole compounds represented by the formula (3, below 



(Where R. denotes hydrogen or a c.., cyanoal.yi group; k> 
denotes hydrogen, a phenyl group, or a c.., al.yi g.^^, ^3 
denotes hydrogen or a C.., al.yl group, cyanoal.yi group 
e.lkoxyal.yi group, or hydroxymethyl group; and denotes 
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hydrogen, a hydroxymethyl group, or a C^., alJcoxyalkyl 
group : ) 

Examples of the imidazole compounds are given below. 
2"methylimida2ole, 
2-ethylimida2ole, 
2-ethyl-4-ethylimioa2ole, 
2-propyliraidazole, 
2"propyl-4-methylimida2ole, 
2-propyl-4-ethylimida2ole, 
2-phenylimida2ole, 
2-phenyl-4-methylimidazole, 
l-cyanomethyl-2-methylimidazole, 
l"cyanoethyl"2, 4-dimethylimidazole, 
l-cyanoethyl-2-propylimidazole, 

1- cyanoethyl-2-phenylimida2ole, 

2- phenyl-4-methyl"5-hydroxymethyliaida2ole, 
2-phenyl-4, S-dihydroxymethyliinidazole, 
l-cyanoethyl-2-phenyl-4,5-dicyanoethoxyimida2ole. 

Of these examples, the following in which the substi- 
tuent is a cyanoalkyl group are preferable. 
l-cyaiioethyl-2-methylimida2oie, 
l-cyar.oethyl-2, 4 -dimethyl imidazole, 
l-cyanoethyl-2-propylimida2ole, 
l-cyanoethyl-2-phenylimida20le, 
l-cyano-2-phenyl-4 , S-dicyanomethylimidazole . 
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:n addition to the above-mentioned imidazole com- 
pounds, the heat-curing catalyst includes dicyandia«ide 
Reinec^s's salt, and acetylacetone „etal salt represented 
by the formula (4) belovf. 

M(CH,COCH,COCH,), 
(where H denotes Zn (ni, , co (iii,, re (iii), Cr (xri), or 
Al (III); and n is an integer of 2 or 3 which corresponds 
to the valence of M. 

(E) Preparation and application of the coating compo.i- 



tion: 



(1) The coating composition of the present invention 
Should preferably be incorporated with a variety of addi- 
tives to improve the performance of the coating fil„, 

. Examples of the additive to improve the adhesion of 
the coating fii„ to the substrate (optical plastic mold- 
ing) and to improve the dyeability of the coating film 
include polyolef in-based epoxy resin, polyglycidylester 
resin, poly condensate of epichlorohydrla and bisphenol A 
glycidyl methacrylate. and acrylic copolymer. 

Examples of the additive to protect the substrate 
from Ultraviolet rays include benzophenone-based, benzo- 
triazole-based, and phenol-based UV light absorbers. 

The coating composition may also be incorporated with 
a silicone-based or fluorine-based surfactant as a level- 
ling agent to improve the smoothness of the coating film. 
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0.5-20 pt.t,r.bly 1-7 I 5 IS 

A«er ,ppU=,tlo„, „e c„«i„, c^.Uio. o.' tte 
-preset. i„Ve„«„. ..„„i, ^^^^ ^^.^ 

preferably BO-lOO*»c rf<»r.^ ^. C, 

<3. The co.ti„, eo.^.uio„ „ p„„„ 
.n,„ «.W,i,,.. „,,.„,„,^,_ 

a"P-»c c,*„„„,_, 

T.. i„„„,,,„ „ ^^^^^^ 

PUS. ..ic. ,„,„.^, „ "-^ 

invention. *^ oi the 

(A) Substrates a^d heat-curing catalysts: 

(1) A .olded product of polycarbonate (Uexan- „ade 
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by General Electric, was used as the substrate in Examples 
1 to 3, and lA to 3A, and Comparative Examples 1 to 3. a 
spectacle lens (specified below) was used as the substrate 
in Examples 4 to 10, and 4A to lOA, and Comparative Exam- 
ples 4 to 6, 4A to 6A, and 7 and 9. 

The spectacle lens (30 mm in diameter, 2 mm thick at the 
center, and diopter -2. COD) was molded by casting froo a 
monomer mixture composed of 90 parts of diallyl diphenate, 
10 parts of urethane acrylate CNKU-aoOAX- made by Shin- 
NaJcamura Kogyo Co., Ltd.), and 4 parts of diisopropyl 
peroxydicarbonate . 

(2) Heat-curing catalysts are identified by the 
following codes. 

IM-4 2-ethyl-4-methylimida20le, 

lM-8 2-phenyl-4-methylimida2ole, 

IMrl2 ... l-cyanoethyl-2-methylimidazole. 

(B) The coating film was tested for performance in the 

following manner. The results are shown in Tables 1 to 3. 

(a) Wear resistance test 

Wear resistance was tested by rubbing the sample with 
steel wool (#0000) and rated according to the follow- 
ing criteria, 
A : hardly scratched 
B : slightly scratched 
C : heavily scratched 
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(a) Surface hardness test 

Surface hardness was tested using a pencil scratch 
tester (1 kg load) according to JISK-5400. The re- 
sult is expressed in terms of the highest pencil 
h?.rdness at which the sample was not scratched. 

<c} Appearance test 

Appearance was evaluated by observing the presence or 
absence of interference fringe and haze. 
The observation of interference fringe {iridescent 
color) was accomplished by causing the sample to 
reflect the light from a fluorescent lamp* in a darlc 
rooii. (* three-wavelength type, daylight color, 
-LupAca-Ace" 15W, made by Mitsubishi Electric Corpo- 
ration.) Rating is based on the following criteria. 
A : no iridescent color 
B : slight iridescent color 
C : apparent iridescent color 

The observation of haze was accomplished by causing 
the sample to transmit light from a fluorescent lamp 
(as mentioned above) in a dar)c room, 
(d) Adhesion test 

Adhesion was tested according to JISD-0202 and the 
result is expressed in terms of the number of cross 
cuts (out of 100) which remained after three repeti- 
tions of peeling by cellophane adhesive tape. 

i 
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(e) Hot water resistance test 

Hot water resistance was evaluated by observing the 
appearance of the sample and the adhesion of the 
coating film after the sample had been immersed in 
boiling water (100**C) for 1 hour. 

(f) Weather resi.itance test 

Wiather resistance was evaluated by observing the 
appearance of the sample after exposure for 400 hours 
in an accelerated weathering tester ("Sunshine Super- 
longlife Weather-o-meter" made by Suga ShiJcenU Co., 
Ltd:) 

(g) Dyeability test 

Dyeability was evaluated by measuring the decrease of 
light (at 550 na) passing through the sample which 
had been dipped in a dye solution for 5 minutes. The 
dye solution was prepared by dissolving 0.4 part of 
dye ("Dianix Brown 23-FS- made by Mitsubishi Chemical 
Industries Ltd.) and 0.4 part of surface active agent 
(-GNK-01- made by Nihon Sen)ca Kogyo Co., Ltd.) in 100 
parts of hat water (90**C) . The decrease of light was 
measured using a luminous transnittance factor meter 
("Core SMS-1" made by Uji-Kodensha Co., Ltd.). The 
dyeability is rated according to the following cri- 
teria. 

good : decrease of light more than 30% 
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fair : decrease of light from 20% -o 30% 
poor : decrease of light less tnan 20% 
Examples 1 to 3 and lA to 3A 

(1) Preparation of hydrolyzate of silane compound 

125 parts of 7-glycidoxypropyltriaethoxysilane and 
110 parts of tetraethoxysilane were mixed with 54 parts of 
O.OIN aqueous solution of hydrochloric acid by stirring at 
60 rpm for 1 hour. The solution was diluted with 92 parts 
of methyl alcohol and 200 pares of methyl ethyl ketone by 
stirring for another 1 hour. The solution was allowed to 
stand at room temperature for 24 hours. The resulting 
hydrolyzate is designated as HG-40 hereinafter. 

(2) Preparation of coating composition 

290 parts of HG-40 was mixed with the titanium oxide- 
based compasite fine particles as specified below. 

(a) In Examples 1 to 3: 45 parts of "Optolake- 
1130?" {made by Catalysts and Chemicals Industries Co., 
Ltd.) TiOj/FejOj « 98/2, particle diameter « 15 nm, solids 
content « 30%, dispersing medium = methyl alcohol, surface 
modifier « tetraethoxysilane. 

(b) In Examples lA to 3A: 60 pares of "Queen Titan- 
ic-11" <made by Catalysts y Chemicals Industries Co., 
Ltd.) TiO,/Si02 » 85/15, particle diameter « 15 nm, solids 
content = 30%, dispersing solvent » methyl alcohol, sur- 
face modifier » tetraethoxysilane. 
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subsequently, 12 p^,^ 

1 was added by stirring for 2 hours. ' 
(3) Pretreatment of substrate 

The substrate w« i™»ersed i„ a 0 05% s.l 
alkali ^1 . "-wa* solution of 

-IJcaU Cleaning agent ("Siliron HS- „ade by H.k • 
Ko9yo CO., Ltd., at 50-C -or 3 • 

Ino . ' t 50 C .or 3 «xnutes, followed by rins- 

ing and oven drying, -^y rins- 

(4> Formation of coating fiia 

The coating composition was appUed to .h 

ixamgles A c ,„ 

(1) Preparation of hydroiyzate of 

: ^■'y"'^® of sHa«e compound 
200 parts of r-glycidoxypropyltrim»^K . 

" 'e...™, J, ::;:rr: :: r 

stirring for another 2 hours Th» , . 

to stand at roc™ . 

«nd at room temperature for 24 hou^s Th« . ■ 
hydroiyzate i « ^ • "suiting 
y y^ate IS designated as HG-41 hereinafter. 

<2) ^'«P"«tion Of coating composition 

290 parts of HG-.1 was «ixed with the tit.„. 

cne txtanium oxide- 
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based composite fine particles as specified below. 

(a) in Examples 4 to 6: 95 parts of -OptolaXe- 
1130r-l" uade by Catalysts and Chemicals Industries Co 
Ltd.) TiO,/re,0, = S5/5. SiO,/aiO, . re,0,, . 10/90. part- 
cle diameter - 15 n., solids content = 30%, dispersing 
medium - methyl alcohol, surface modifier - vinyltri- 
ethoxysilane. 

it) In Examples 4A to 6A: 105 parts of -Queen 
Titanic-n-i- (made by Catalysts and Chemicals Industries 
CO., Ltd., TiO,/SiO, = 70/30, Particle diameter - 15 nm 
solids content » 30%, dispersing medic. » methyl alcohol, 
surface modifier - tetraethoxyailane. 

subsequently, 12 parts of polycarboxylic acid as 
Shown in Table 2 was added, rinally, 5 parts of acetyl- 
acetone .inc and 0.5 part of levelling agent (-Piorad rc- 
430, made by Sumitomo 3M Co.. Ltd., were added. 
(3, Pretreatment of substrate 

The substrate was immersed in a 10% a<^eo«s solution 
Of sodium hydroxide (at 50Oc, for 10 minutes, followed by 
ransing for 5 minutes, immersing in pure water for 3 
minutes, and oven drying. 
«) Formation of coating film 

The coating composition was applied to the pretreated 
substrate by dipping (at a level lowering rate of 90 
nu»/«in, . curing was carried out at lOO'C for 2 hours 
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Erarrioles 7 ^nd 

The ccating compositicn was prepared as follows: 
290 parts of HG-40 was mixed with the titani-=a oxide-baced 
ccnposice fine particles as specified below. 

(a) In Example 7: 90 parts of ''Optol£xe-1130F-2" 
(3iade by Catalysts and Chemicals Industries Co,, Ltd.) 
TiOj/Fe,Oj « 98/2, SiO,/ (TiO, + Fe,0,) « 10/90, particle 
diameter « 20 nn, solids content = 2:%, dispersing wedium 
= methyl alcohol, surface modifier « 7-glycidoxypropyltri- 
ethoxysilane. 

(b) In Exaxple 7A: 90 parts cf "Queer Tiwar.ic-11* 
(made by Catalysts and Chemicals Industries Co., Ltd.), 
the same one as used in Example 1, 

Subsequently, 10 parts of trixellitic anhydride was 
added. Finally, 5 parts of dicyandiamide ar.-- 2 parts of 
levelling agent CSILWET L-77^ made by Nippcs Yunika Kogyo 
Co., Ltd.) were added. 

The same procedure as in Example A was ased for the 
pretreatment of the substrate end the formation of the 
coating film. 
Examples 8 and SA 

Each of 'the spectacle lenses prepared in Examples 7 
and 7A underwent vacuum deposition for coating with SiOj 
a/4), ZrO, a/4}, SiOj a/4), ZrOj a/4), SiO, a/4), ZrO, 
a/4), and SiO, iX/2) (where X « 520 nm) , in order starting 
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from the obverse. 
Examples 9 and 9A 

The same procedure as in Exan^les 7 and 7A vas re- 
peated except that 10 parts of trimellitic anhydride was 
replaced by 12 parts of itacoaic acid. 
Examples 10 and lOA 

Each of the spectacle lenses prepared in Examples 9 
and 9A underwent vacuun: deposition for coating with SiO, 
iX/A), ZrO, (X/4), SiO, + ZrOj (X/4) , and SiO, (X/8) , (where 
X = 520 nm) , in order starting from the obverse. 
Comparative Examples 1 to 3 and lA to 3A 

These comparative examples are intended to show the 
effectiveness of the titaniua oxide-based composite fine 
particles by comparing them with titanium oxide fine 
particles. 

The same procedure as in Examples 1 to 3 and lA to 3A 
was repeated except that the titariium oxide-based compos-^ 
ite fine particles were replaced by titanixiir. oxide fine 
particles "Sunveil 11-1530* (made by Catalysts and Chemi- 
cals Industries Co., Ltd,, TiO, solids content « 30%, 
particle diameter « 15 nm) , the dispersing medium was 
replaced by methyl alcohnl, and the surface modifier was 
replaced by tetraethoxysilane. ■ ■ ^ 
Comparative Examples 4 to 6, 4A to 6A, 7 and 9 

The same procedure as in Examples 4 to 7, 4A to 6Aa, 
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7 and 9, was repeated except that the titanium oxicie-based 
composite fine particles were replaced b>- titar.iua oxide 
fine particles (the same one as used in Comparative Exam- 
ple 1) . 
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- DEFIHED AS POIiOHS- 

^- "-position f„ J 

ings Which comprises: 

CA) VP«tby weightof .hyd.oly.ateo.a .Uan 
compound; ^ oz a o.lane 

fB) 0.2-5 parts by weight of titanium oxide-ba... 

(C) • 0.02-0.5 part bv we<«h* * 

^ ^^^'^'^ °f " unsaturated cr 

in ciaam 1, wherein the siij.n^ 

^-ere denotes a C,. organic group having an epoxy 

is a C., hydrocarbon group haloo 
hnn « 9^o«P» halogenated hydrocar- 

bon group, or aryl group; r» a C.^ alkvl . 

group, or acyl group; and a = X, b = i or 2., 

3. ^ =-"ng composition for optical Plastic mold 
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oxide is integrally combined with iron oxide and silicon, 
oxide, with the ratio of iron oxide/titanium oxide being 
from 0.005 to 0,15 and the ratio of silicon oxide/ (iron 
oxide + titanium oxide) being froa C.03 to 0.70 by weight - 

4. A coatina composition for optical plastic mold- 
ings as -defined in Claim Ji, wherein the citaniua oxide- 
based composite fine particles are those which are sur- 
face-codified with a silane coupling agent, 

5- A coating composition for optical plastic mold- - 
ings which comprises: 

(A) 1 part by weight of a hydrolyzate of a sila»ie 
compound; 

(B) 0.2-5 parts by weight of titanium oxide-based 
composite fine particles having a particle diameter of 
1-100 nm in which titanium oxide integrally combines with 
silicon oxide, with the ratio of silicon oxide tc titanium 
oxide being 0.03-0.7 by weight; 

(C) 0.02-0.5 part by web^at of an unsaturated or 
saturated polycarboxylic acid or an anhydride thereof; and 

(D) 0.01-0.2 part by weight of a heat-curing cata- 
lyst. 

€. A coating composition for optical plastic mold- 
ings as defined in Claim 5, wherein the silane compound is 
one which is represented by the formula below. 

V^^SiCO?.*),.,..^,, 

\ 
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(where R' denotes a r 

enoces a C,., organic group ha-i„„ , 

group, or acvi v^oup, alkoxy 

ac^fl group; and a » 1, I, . , ^ ^ 

£.cc-»«d-„ . W"'-!" .» those »wci, .„ 

lace-modified with a 

With a silane coupling agent. 
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